Since LNG (Liquefied Natural Gas) is a combustible cryogenic liquid and as such presents specific safety hazards, the safety of LNG utilization has become an issue that requires a comprehensive study on the risks. Hence, various safety aspects connected with the operation of LNG need to be analyzed. The purpose of this paper is to review recent researchers' LNG safety studies and analysis. Specific safety characteristics of the equipment involved are incorporated in the analysis. The analysis of important risks show that at pressures near atmospheric, the hazards of LNG are comparable to those of conventional liquid fuels such as gasoline. At higher pressures, it behaves more like a combustible gas liquefied by compression. Also reviewed in this paper is the state of the art in modeling important LNG Hazards (like pool and vapor fires modeling). Totally, this paper identifies different possible risks in and out LNG plants and describes the results obtained from modeling of identified issues.
Background and Introduction
LNG is a substance liquid which is stored and transported at approximately −160°C. Being contact with a cryogenic liquid can cause some serious freeze burns and eye damages. LNG is an explosive cryogenic which is not toxic. It also has rare long-term environmental effects of a low possible release. The allowed limits of flammability of vapors into the air are about 5 per cent and 15 per cent molar (Mokhatab, Mak et al. 2013) .
The most important reasons for interests in LNG industries, and of the great deal of articles and scientific papers published on this topic, are (Ditali and Fiore 2007): • LNG import as a refrigerated liquid via large carrier ships is a convenient supply of natural gas, preferred in some cases (very long distances from producer areas) to the more traditional pipeline transport of pressurized gas;
• More often than not, the media fomented the dreads of the opponents, instead of diffusing a correct and balanced information;
• Scientific community -and in primes risk analysts -suffered the frustrating experience of not being able to affirm almost anything 'beyond any reasonable doubt', as far as hazard distances and probabilities of accidental events are concerned. The reassuring 'objectivity' of the science turned to extremely subjective. While many tools are available to analyze the hazards of potential accidents involving LNG, the results of different studies failed to portray a unique and uncontroversial picture of the risk.
The considerable growth of LNG industry is because of risen demand for energy, advancements in LNG technology which decrease the costs of LNG and availability of natural gas reserves in all over the countries (Vandebroek and Berghmans 2012) . In order to identify the different possible hazards and reasons for assessing, modeling and analyzing, LNG facilities should be distinguished well. Equipment, facilities and requirements can be categorized as below:
• Export Terminals/Liquefaction facilities -where LNG is liquefied, stored, and loaded onto carriers for shipment.
• Import Terminals/Regasification facilities -LNG is received from carriers, stored, and, when needed, regasified for injection into the natural gas pipeline infrastructure.
• Peak shaving and other facilities to store and vaporize LNG, operating on an intermittent basis to meet short term peak gas demands.
The purpose of this paper is to complement the previous work (such as (Atallah and Schneider 1983) ), by providing a summary of the previously unpublished works. The status with regard to modeling each of the possible hazards is briefly described. One of the main advantages of having carried out reviews of this nature is that areas where data is lacking or the behavior is uncertain are highlighted. It is then necessary to decide on an appropriate course of action to take for each of these areas. This paper includes three main parts:
1. To assess, model and analyze the risks: There are projects aimed at the development of experimental data and analytical models to describe radiation from LNG spill fires, the extent of flammable vapor cloud dispersion, rapid phase transitions and other potential hazards. Also included are studies aimed at improving the database needed to analyze risks resulting from an accidental LNG release at LNG facilities or during marine or land transport. 2. To prevent accidents: These are studies directed toward the development of qualification tests and reliable data on the properties and behavior of LNG tank wall materials, insulations and other components. These studies are expected to reduce the probability of occurrence of a major LNG release. 3. To control Hazard: There are projects which address the conceptual design, testing and engineering development of new or improved response technologies and operational procedures that are expected to reduce the severity of an accident given a LNG release.
Risk assessment, modeling and analysis
In this section, numerous theoretical studies are reviewed to describe the most important risks of LNG such as LNG vapor cloud dispersion, laminar flame propagation in LNG vapor/air mixtures, the chemical kinetics of LNG/air detonations, and combined unsteady gaseous combustion and fluid dynamic processes (Atallah and Schneider 1983) . Then, experimental programs and instrumentation development are discussed. Mean time between failures and Ignition sources in urban areas are two main concepts to assess uncertainties and risks. Basically, the total range of potential accidents from rare minor events to much frequent disaster events shall be included in risk assessment approach. This approach composes of consequences of an event scenario and its occurrence probability and numerous likelihood results and outcomes. In this approach, the first step should specialize for identifying representative accident events specially when dealing with the safety aspects of LNG plant and its facilities. One of the most critical benefits of risk assessment approach is that the safeguarding can be included in such a way that admits cost-benefit to be established. Beside this, it should be noted that worst-case approach can be recommended or required in some regulations. (Pitblado and Woodward 2011 ) have recently undertaken a major review of LNG consequence modeling, compiling a wide range of historical information with more recent experiments and modeling approaches in a book entitled "LNG Risk-Based Safety: Modeling and Consequence Analysis". All the main consequence routes were reviewed e discharge, evaporation, pool and jet fire, vapor cloud explosions, rollover, and Rapid Phase Transitions (RPT's).
Modeling of a particular physical phenomenon which is involved by evaluating an incidental release of the LNG utilizes standard programming softwares applied in risk analysis. It is worth mentioning that such programs which particularly deal with the dispersion of dense gases, basically have been developed by research projects. There are some experimental data in the area of issues shown in Table 1 . It is supposed to model above issues. Since LNG pool fires and flammability of LNG is the most dangerous issue within LNG operations, more experimental information and modeling are discussed in details. (Vanem, Antao et al. 2008 ) has analyzed a generic, high-level risk assessment of the global operation of ocean-going LNG carriers. Their analysis collects and combines information from several sources such as an initial hazid, a thorough review of historic LNG accidents, review of previous studies, published damage statistics and expert judgment, and develops modular risk models for critical accident scenarios. The SHIPP (System Hazard Identification, Prediction and Prevention), as a new developed accident modeling approach, is helpful to maintain and control safety aspects. This predictive model developed by (Rathnayaka 2012 ) is implemented to model accidents in gas processing plants using safety barriers. In other word, it can identify possible causal factors and potential consequences and then provides quantitative results by combining fault and event tree analyses and consequently helps to forecast the number of abnormal events in ensuing time intervals.
Accident prevention
The most efficient safety measures for the LNG industry are basically due to the consequences of the preventative, control and mitigation actions that are taken place at LNG plants. Because of the hazardous nature of the LNG industry, the industrial companies must put great emphasis on accident prevention; however there is still a shortage in knowledge on gas behavior in case of accident (Atallah and Schneider 1983) . A list of parameters and variables to be considered in the case of LNG is proposed by (Biamonte 1982) in Table 2 . The probability of an accidental hazardous release of LNG may be reduced by ensuring that the materials used for containing or transporting LNG can withstand the extreme operational conditions to which they may be subjected. Preventive measures also include the safe siting and layout of the plant, release events, the separation of hazardous operations and the minimization of the potential for human error (Vial 2016) . Here, it is supposed to discuss thermal endurance tests and human error prevention. Also, arresting a propagating crack is investigated by studying material properties database. 
Hazard control
Totally, the most principal hazards of LNG caused by its sever temperature, vapor dispersion features and high flammability (Sun, Utikar et al. 2013) . Research on LNG hazard control deals with the development and testing of responsive measures which either may be applied or are effective after LNG has been accidentally released with the intention of reducing the severity of the accident. Various measures for controlling of serious hazards are examined in this section. There are namely, Reduction of LNG tanker fire hazards, Gelation of LNG, Water spray curtains, Dike floor materials. In the case of firing, dry chemical system should include a combination of total flooding systems, local application (fixed nozzle and/or hose line system, and/or portable extinguishers (whether hand-held or wheeled). Dry chemical systems are effectual against three-dimensional fires such as jet fires and hydrocarbon pools, particularly those fires involving pressurized natural gas or LNG spills. The dry specified by AES is potassium bicarbonate. The dry chemical systems shall be located in the most strategic locations, primarily in the LNG process, the marine unloading, and the LNG storage area. A comprehensive study by (Raj 2007) has reviewed the requirements related to LNG fire hazard assessment. That is in the light of model inaccuracies, criteria for hazards to people and structures, and the effects of mitigating circumstances. This paper has identified (i) critical parameters for which there exist no data, (ii) uncertainties and unknowns in modeling and (iii) deficiencies and gaps in current regulatory recipes for predicting hazards. (Raj 2007) has extensively presented the safety and security aspects of storing facilities of LNG plants. The contribution deals with possible scenarios of accidents associated with LNG storage facilities and with a methodology for the assessment of vulnerability of such facilities. This study has illustrated the results of determination of hazardous zones around LNG facilities in the event of various sorts of release.
Lawrence Livermore National Laboratory (LLNL) has conducted a liquefied gaseous fuels spill effects program during the period from 1977 to 1989. The main aim of this program is to develop and validate tools that could be used to predict the effects of a large liquefied gas spill through the execution of large scale field experiments and the development of computer models to make predictions for conditions under which tests could not be performed. After providing a detailed and validated description of relese phenomenon in computer models, the following consequences are predoictable (Koopman 2007): • LNG vapor clouds are lower and wider than trace gas clouds and tend to follow the downhill slope of terrain due to dampened vertical turbulence and gravity flow within the cloud. Under low wind speed, stable atmospheric conditions, a bifurcated, two lobed structure develops.
• Navier-Stokes models provide the most complete description of LNG dispersion, while more highly parameterized Lagrangian models were found to be well suited to emergency response applications.
• The measured heat flux from LNG vapor cloud burns exceeded levels necessary for third degree burns and were large enough to ignite most flammable materials.
• RPTs are of two types, source generated and enrichment generated, and were observed to increase the burn area by a factor of two and to extend the downwind burn distance by 65%.
Summery/ Conclusion
It can be inferred from the overview of this paper that a risk based approach in which the possibility of the different events, intensity of consequences and safeguarding measures are taken into account, must be considered more critical than a worst-case hazard based approach. This work quantitatively studied the effect of various risk in the area of LNG operation. In other words, the experimental works on LNG related issues have been summarized. Because much of this information has not been published previously, this supplements the more comprehensive literature review provided before. Subjective comments have also been made on the modeling of each of the issues mentioned in the research. Whilst this shows that there may still be areas in which large scale data is in short supply or even lacking, it is argued here that the uncertainty in prediction should be a major factor in determining the need for future work. If the effects of the uncertainty in a topic do not significantly influence the level of risk calculated for a facility, then it is suggested that such a topic should be of lower priority. Conversely, if the risks are particularly sensitive to a poorly understood phenomenon then this should be investigated as a matter of some urgency. Adopting this pragmatic, risk-based approach to deciding in the areas for future study is likely to produce a different ranking to one based on uncertainties in the consequence modeling. From the point of view of government, LNG storage facilities must be protected against intentional damage and these issues taken into account in planning land use. This paper would be helpful for engineers and operators of LNG facilities to distinguish hazardous zones around various sources of releases of LNG. Hazards can only be controlled if they are recognized and evaluated. This paper has shown how such an evaluation can be applied to LNG facilities.
